About 1% of the total RNA of cell lines producing murine leukemia virus is virus-specific RNA. About one-third of the virus-specific RNA is located within the nucleus. The size distribution of virus-specific RNA was determined before and after denaturation. Before denaturation, virus-specific RNA sequences sedimented as a heterogeneous population of RNA molecules, some of which sedimented very rapidly. After denaturation, most of the virus-specific RNA had a sedimentation coefficient of 35S or lower, but a small fraction of the nuclear virus-specific RNA sedimented more rapidly than 35S RNA even after denaturation.
About 1% of the total RNA of cell lines producing murine leukemia virus is virus-specific RNA. About one-third of the virus-specific RNA is located within the nucleus. The size distribution of virus-specific RNA was determined before and after denaturation. Before denaturation, virus-specific RNA sequences sedimented as a heterogeneous population of RNA molecules, some of which sedimented very rapidly. After denaturation, most of the virus-specific RNA had a sedimentation coefficient of 35S or lower, but a small fraction of the nuclear virus-specific RNA sedimented more rapidly than 35S RNA even after denaturation.
The life cycle of RNA tumor viruses involves synthesis of a DNA copy of the RNA genome followed by integration of the viral DNA into the cellular DNA (19) . It appears that viral RNA, both messenger and virion, is transcribed from the integrated genome. Both the messenger and virion RNA in productively infected cells are mainly the same strand of RNA that is about 2.6 x 10f daltons, although there may be a fraction of lower-molecular-weight RNA (2, 6, 8, 10, 13, 14, 17, 20, 21) .
Because viral RNA is made in the nucleus but functions in the cytoplasm, it is important to know what types of molecules are present in the two fractions. We report here a characterization of the amounts and sizes of nuclear virus-specific RNA. In previous work, the cytoplasmic species were studied and shown to consist mainly of 35S RNA, with lesser amounts of lower molecular weight (8, 10) .
MATERIALS AND METHODS
Cell lines. The NRK murine leukemia virus (MuLV)-producing cell line was derived by E. Rothenberg by cloning NRK cells infected at low multiplicity with a cloned stock of Moloney MuLV.
Extraction procedures. Nuclear and cytoplasmic RNA extracts were prepared by harvesting cells grown to half confluence in petri dishes in cold phosphate-buffered saline solution. The cells were washed twice with cold phosphate-buffered saline and resuspended in 5 mM NaCl, 0.5 mM MgCl2, and 5 mM Tris, pH 7.5. After 4 min, the cells were homogenized in a Dounce homogenizer and the nuclei were coilected by centrifugation. The nuclei were suspended in 0.1 M NaCl, 0.01 M Tris, pH 7.6, X Present address: Sidney Farber Cancer Center, Harvard Medical School, Boston, Mass. 02115. and 0.0015 M MgCl2 containing 1.0% Nonidet P-40 and 0.4% deoxycholate and immediately harvested by centrifugation. 32P-labeled poliovirus RNA was added to the nuclear pellet. The supernatant was added to the first cytoplasmic fraction, and the total cytoplasm was brought to a final concentration of 1% sodium dodecyl sulfate (SDS) and 2 mM EDTA. The nuclei were suspended in 0.5 M NaCl, 0.05 M MgCl2, and 0.1 M Tris, pH 7.4, and treated with 1.0 ,ag of RNase-free DNase (Worthington Biochemicals Corp.) per ml for 1 min at 37°C. The nuclei retained their intact appearance after this procedure and were contaminated by less than 1% of the cytoplasmic fraction, as judged by the amount of rRNA in the nuclear fraction. Both the nuclear and cytoplasmic fractions were extracted twice at 54°C with an equal mixture of phenol and chloroform-1% isoamyl alcohol and twice more with the chloroform-isoamyl alcohol mixture alone. The RNA extracts were precipitated repeatedly with ethanol.
For determination of the concentration of virusspecific sequences, the cytoplasmic RNA was resuspended in 2x SSC (0.3 M NaCl, 0.03 M sodium citrate), 0.1% SDS, and 2 mM EDTA (hybridization buffer) at a concentration of 1 mg/ml. The nuclear fraction was resuspended in the same volume of buffer as was the cytoplasmic extract from the same batch of cells. Hybridization reactions were 10 ,ul and contained 2,000 cpm per reaction of [3H]DNA probe synthesized and purified as described by Fan and Baltimore (8) . Gradient analysis. For sucrose gradient analysis, undenatured RNA was resuspended at 0.1 mg/ml in a buffer containing 10 mM Tris-hydrochloride (pH 7.5), 0.1 M NaCl, 1 mM EDTA, and 0.5% SDS (SDS buffer). RNA was denatured by resuspending the pellet in 10 mM EDTA (pH 7.5) at a concentration of 1 mg/ml followed by addition of a 10-fold excess of dimethyl sulfoxide (Me2SO), and the solution was heated to 60°C for 5 min. (Fig. 2c) naturing conditions (Fig. 2f) . When denatured sedimentation coefficient. Note also that the and sedimented under either nondenaturing or [3H]RNA that sedimented very rapidly under denaturing conditions, the RNA that originally nondenaturing conditions did not contain a repsedimented rapidly under nondenaturing con-resentative distribution of RNA sizes. It was ditions sedimented as a heterogeneous popula-specifically enriched for those RNA molecules tion of RNA molecules having a lower average that sedimented more rapidly than the average poliovirus RNA was added to the initial fraction to serve as a marker. The samples were layered onto 15 to 30% sucrose, Tris-buffered 1% SDS gradients and sedimented for 3 h at 35,000 rpm in a Beckman SW41 rotor. The gradient fractions were precipitated with ethanol and annealed with 2,500 cpm of[3H]DNA probe for 12 h as described in panel a. (c) Nuclear RNA from the same preparation as used in panel a was denatured by heating to 60°C for 5 min in a buffer containing 90% Me2S0. The RNA was layered onto a 10 to 20% sucrose gradient containing 80% Me2SO and centrifuged for 15 h at 35,000 rpm at 30°C in a Beckman SW41 rotor. The distribution of virus-specific RNA was determined by incubating portions of each gradient with 2,500 cpm of[3H]DNA probe for5 h as described in panel a. The amount of 3Hprobe resistant to S, nuclease is plotted (0). 32P-labeled poliovirus RNA added to the nuclei after the wash with Nonidet P-40 and deoxycholate is also shown (a). (d) A portion offractions 5, 6, and 7 ofthe gradient pictured in panel a was precipitated with ethanol, denatured by heating at 60°C for 5 min in a buffer containing 90% Me2SO, and sedimented on a 10 to 20% sucrose gradient containing 80% MeSO for 15 The distribution of 3H-labeled nuclear RNA was the same as that pictured in Fig. 2 when RNA extracts were prepared by using either the proteinase K method described by Fan and Baltimore (8) To measure the size distribution of virusspecific RNA, unlabeled nuclear RNA was extracted in parallel with the labeled nuclear RNA described in the previous section. The concentration of virus-specific RNA in each of the gradient fractions was determined by the ability of the RNA of each fraction to protect a complementary L3H]DNA probe from digestion by S, nuclease. The hybridization reactions were done at RNA excess, at a time sufficiently short so that the amount of 3H probe protected was proportional to the concentration of virusspecific RNA in the sample (8) . Figure 3a shows the size distribution of virus-specific RNA when nuclear extracts of the NRK line were sedimented under nondenaturing conditions. Virus-specific RNA was present throughout the gradient, much of it sedimenting more rapidly than the 35S 3H-labeled poliovirus RNA marker. However, when the nuclear extracts were denatured in 90% Me2SO and sedimented under denaturing conditions in gradients containing 80% Me2SO, very little virus-specific RNA sedimented more rapidly than did the poliovirus RNA (Fig. 3c) . The shape of the 32P-labeled poliovirus RNA peak indicates that there was little if any degradation of poliovirus RNA during the extraction and purification procedure. Between 2 and 4% of the virus-specific RNA had a sedimentation velocity of greater than 35S.
The native RNA that sedimented more rapidly than 35S RNA was enriched in RNA that sedimented faster than 35S RNA after denaturation. Figure 3b compares the sedimentation velocity of the rapidly sedimenting RNA of fractions 5, 6, and 7 of Fig. 3a on nondenaturing gradients before and after denaturation. Figure  3d illustrates the size distribution of the same material when it was denatured and sedimented under denaturing conditions. Approximately one-third of this fraction sedimented more rapidly than 35S, with a heterogeneous distribution extending up to 60S.
The distribution of virus-specific RNA was the same when the nuclear RNA extracts were prepared by the proteinase K method described by Fan and Baltimore (8) or the high-salt-urea method of Holmes and Bonner (12 
